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An experimentalinvestigationhasbeenmadeto st@y theflowov~
deltawingswithdroopedleadingedges.Vapor-scr&eh,pressure-
distribution,andink-flowtestsw&e madeona s~-iesofs+span delta
wingswithsemiapexanglesofl~”,22i5°;tid31;no & with10percent
and20percentofthesemispansdrooped15°in streamwisesectims.The
testsweremadeat a Machmmber of1.9.

Thetestsindicatedthatflowseparatio.q.ocmrredonallthewin@
intheseriestested.Theseparated“reg~orison‘theWire-s-with10and
20percentofthesemispsnsdroopedw~e similm?,to--onesmother.Inte-
gratedpressuredistributionsshm”edthat,fm equalE&k-s ofattack,
theloadingsonthewingswith20patentofthese.DIi.spansdroopedwere
lessthanthoseonthewingswith10percentofthesemisp~sdrooped.

.-
Ina generalcomparisonwithundroopeddeltawings,thedrooped-

leading-edgewingsshowednopsrt.iculszadvantsgefroMa.s.tandpointof
preventingsepszation. Thedrooped-leading-edgewingshada disadvant&ge
inloading,theloadinginsomecasesbeingconsiderablylessthanthat
onthecorrespondingUndroopedwin@.

-DUCTION

-. .. ,. ---

A recentstudyhasbeenmadeto investigatesomeaspectsofthe
physicalnatureoftheflowovera seriesofflat-platedeltawings.
Theresultsofthestudy(presentedinref.1)givesome@Lltkative
hformationpertainingto flow separationonflatwings:

....
Inthepresent.study,an investigationhasbeenmadet~ studyflow

phenomenaondeltawingswithdroopedleadingedges.Wingswithdrooped
or csmberedleadingedgescanhavestabilityandliftingch&ticteristics
whicharedesirableat subsonicspeeds.At supersonicspeedsthese
desirablecharacteristicsofdroopedleadingedgesmayno longerbe
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~resent.ThePurposeofthepresentinvestigationistodetermineina
.
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mE&& theeffectsofleading+dgedroopontheflowseparation
characteristicsofdeltawingsat supersonicspeed. Q

SYMBOLS

angleofattack,deg

wingsemiapexengle,deg

wingsemispan,in.

Machnumber
Pt-p

pressurecoefficient,—
~

localstaticpressure

free-stresmstaticpressure

free-streamdynamicpressure

-1+Machangle,sin M

spsmwisecoordinate,in.

AYPARATUSANDMODELS

BlowdownJet

Thetestsforthisinvestigationweremadeina 9-by 6-inchMach
number1.9blowdownJetoftheQmgleygasdynamicslaboratory.Thetest
sectionwasequippedwitha boundary-layerscoop-offplatetominimize
theeffectofboundarylqyeronthesemispanmodels.(Seefig.1.)
Withthisboundary-layer
thicknesswascalculated
withthesmallestspan.

6of1.7.8x 10 perinch.

scoop-offplate,themaximumboundary-layer
tobe about
Thepresent

1 percentofthespanforthewing
testsweremadeata Reynoldsnumber
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Flow-VisualizationAppsratus

.

.

A vapor-screentechniquesimilarto thatusedinreference2 wasused
inthepresentteststo observetheflowphenomenaarounddeltawings.In
thistechnique,waterwasinsertedintheair-supplylineupstre-ofthe
settlingchsmber.Afterthewaterwasbrckenintoverysmalldropletsby
thesettling-chsmberturbulencescreensandexpandedthroughthenozzle,
itappearedinthetestsectionas a fog. A mercury-vaporlightsource
wasusedtoproducea nsrrowslitof intenselightperpendicularto the
tunnelaxis. (Seefig.2.) Thelightscatteredby theparticles
appearedasa screenof illminationonwhichchangesofdensityshowed
upas changesinintensityofillumination;therefore,regionsof cori-
centratedvorticityandshockwavescouldbe observed.An aerial.csmera
wasusedtotakephotographsofthevaporscreen.ThechangeinMach
numberwiththeadditionofwaterwasfoundby static-pressuremeasure-
mentstobe small(L&l= -0.03)withrespectto theMachnuniberobtained
withoutwateraddition.

Models

Theleadingedgesofthesemispandelta-wingmodelsusedinthis
investigationweredroopedby bendingthemabouta raythroughtheapex.
Whenthewingswereviewedinstresmwisesections,thedroopedportions
ofthewingsmadesmangleofapproximately15°withrespecttothe
undroopedportions.Wingswith10percentand20percentofthesemispsn
droopedandwithsemiapexanglesof15°,22.5°,and31.75°wereused.
Drawingsofthemodelsaregiveninfigure3,wherethedimensionsofthe
modelsbeforedroopingtheleadingedgesme shownintheleftcolumn.
In orderto facilitateconstructionofthemcdels,theleadingedges
werenotmadeextremelysharpas forthemodelsofreference1,butwere
givena smallradiusoftheorderof1 percentofthewingsemispan.The
maximunthicknessratioofthewingswasconstantfora givenwingsmdwas
approxhately3 to 5 percent.

Pressureorificeswereinstalledfirstononesurfaceofthemodel
andthenontheotherto givepressuredistributionsonbothsurfaces.
Thepressureorificesontheuppersurfaceofthewingswereusedto
insertinkontothewingsurfacefortheink-flowstudies,whichwere
madeonlyforthewingswith10percentofthesemlspansdrooped.The
partsofthewingsto therearofthepressureorificeswerepainted
whitetomsketheinkpatternmoreeasilyvisible;however,fm smne
anglesofattackthereflectionofthelightfhm thewingsurfacecaused
someinterferencewiththeink-flowobservations.

.

— —
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Flowsepsrat.iori;-as@ti&t@d by separated.regionsofvorticity}is
firstobserved:.at,qnapgle._of.attackof.J2°onthewings.with10and
20percent.ofthe.senispans.jlrooped.(Seefigs..~.and5.) Theregions
.ofs.epar.ati~ move.i~.o~dx .tpcrease,insize:with-increaseinangle
ofattack..I.ncreas,ing”.$h.e”~unt..o?.@oQp from10.to !20percentseini-
spanappe.grs..*.o.@v.e,1$.ttlp.e’Zec~.gn,thesizeorbcationofthesepa-,
ratedregionsj.exceptthatorLthewingwith20percent,ofthese@span
droopedthereissomeindicationofi.=addit.iotifL%t-region“ofsepa-
rationneartheleadi~edgeatthehigheranglesofattack.

..:.r-..-,.~:;. .’-:,.”:..;.”,:..+..~”’::.,.”..-..i
Theupper-s@f~&”pr’ess&e_..dis%ributionsinfigures10.and11 show

that,fortheh3@er,a.ngles..of..att@ckJlargenegativepressuresare
obtainedovertheoutboard50 @..60percentof-thesemispan.Theinboard
efientsofthesenegativepressure.regionsco~espond-approximatelyto the
inboardextentsof.:tbeobservedSeyaratedregionsofvorticity.”.At low
anglesofattackand.pearth~-l~~ingedges,pronounced,effectsofleading-
edgedroolonthe..pressuredistributionsareobserved.Theintegrated
pressuredistributioninfigure16showthatthereislittledifference
inthetotalloadingsonthewingswith10and20percentofthesemispans
drooped.

. ...,.,.,::,.:.4.:~.,
Theink-flowtests~’’which’weretie onlyforthewingwith

10percegtof$he.s~m.ispa.r_@~oped(fig.19).2.indicatethatthereis
probably.goflowsep~ation@ theleadingedgeforauglt?sofat%ck
of8°andless..If itisa:ssmdthatth~.flowwer.thewingis conical
andjthu, t~t lthe<press.wedistributions.-atallchor.dwlsepositions.are
likethoseinfigqre10,it ispossible~hat:thepressuregradientat the
leadingedge.on-theuppersurfacepreventsthefJoyfrom’separatingfrcm
theleadingedge.At anglesofattackabove8°jleading-edgeseparation
isindicatedby theink-flowphotographswhichshowoutflowat theleading
-edgeT... --:::<:;.:,:~..~;;..-,.....~~..~.? .. -.-:;-::a ~{:::~~’:,.=-.;‘ .8

....:,.- ..”-..:., ..... .... . . ...........
.-.:.-..-?... -- -. .-.-J:-.’””.“)--.” :..’...
..::,..-Wi~lfZtb..Sqpiape.xAngles-of22.5°:.- :-.

..- -: .. ...--.--1 “...-.. t- .
-“mevapor-screenphotogiap”hsfortheti~s’with,sem$apexangles”““

of2?~7°(figs.-.6an&7):show’s”&pa&at~.”reg~h”&tm = -12a‘for”theti”ngs
wtth10md-20 percentofthe.semisp&ns&%6p&d. These”sep&$a*e&re~o&
srecldserto thewingupper~wface.t~the’”fiep~ated“re~i&@on’&&”:”’
wingswitha semia~exangle“of15‘jbutthespanwise.loctitlonand&tent
oftheseparated~regionsareroughlythe“samefo~correspotidingam6unts
oftioop”on-the”two~etsof&s. .“” - -J

.... .... . . ... :, .. ...
Thepressuredistributiotisshti in-figures12.&id””13shownegatite

pressurepeaksovertheoutboardportionofthewinguppersurfaceforthe
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higheranglesofattackwiththeprimaryeffectsofdroopnotedforthe
loweranglesofattackandatthewingleadingedge.Themaindifference
betweenthepressuredistributionsofthewingswithsemiapexanglesof
15°and22.5°isthatthespanwisedecreaseinpressurecorrespondingto
theobservedinboardetientoftheregionofseparationismuchmore
abruptforthehigheranglesofattackonthewingwitha semiapexangle
of22.5°thanonthewingwitha semiapexangleof15°. Theintegrated
pressuredistributionsinfigure17shdwthat,forequalanglesofattack,
thewingwith20percentofthesemispandroopedhasconsiderablyless
loadingthanthewingwith10percentofthesemispadrooped.

Ink-flowtestresultsobtainedforthewingwith10percentofthe
semispandroopedshowa narrowlineof ink(nottobe confusedwith
anothernarrowlineataboutthe~-percent-semispanposition)atthe
veryleadingedgeofthewingat a = 12°. (Seefig.20.) Thisindicates
thattheflowprobablyseparatesattheleadingedgeforthisandhigher
anglesofattack.As inthecaseofthewingwitha semiapexangle
of15°,itispossiblethatthelargepressuregradientattheleadingedge
foranglesofattackof8°andlesspreventsleading-edgeseparationat
theseangles.

WingsWithSemiapexAnglesof31.750

Thevapor-screenphotographsofthewingswitha semiapexangle
of31.75°infigures8 and9 aredifferentfromthoseofthewingswith
semiapexanglesof15°and22.5°inthatshockwavesarevisibleforthe
wingswith10and20percentofthesemispansdrooped.Theseshockwaves
moveinboardwithincreaseinangleofattack,andregionsofseparation
veryclosetothewinguppersurfacescanbe seenforthelargerangles
ofattack.

Thepressuredistributionsoffigures14and15 showabruptspanwise
decreasesinpressureatpositionscorrespondingtotheobservedinboard
extentoftheseparatedregionandtotheshock-wavelocationsforthe
higheranglesofattack.Neartheleadingedges,thepressuresshow
influencesofleading-edgedroopthroughouttheangle-of-attackrange,
especially onthewingwith20 percentoft~ semispandrooped.Theink-
flmwtestsonthewingwith10percentofthesemispandrooped(fig.21)
indicatethatthereisprobablyno flowseparationattheleadingedges
exceptpossiblyat a = 20°,althoughthepressuregradientsatthe
leadingedgeforsomeoftheloweranglesofattackappeartobe similar
tothatfor a = 20°. Theintegratedpressuredistributions.offigure18
indicatethat,throughtheangle-of-attackrange,thereisslightlyless
load@ onthewingwith20percentofthesemispandroopedthanonthe
wingwith10percentofthesemispandrooped.

“
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ComparisonWithFlat-PlateUndroopedWings

.

.

.

.

.

Somecomparisonscanbemadeoftheresultsobtainedinthepresent
testsandtheresultspresentedinreference1 forundroopedwings.As
observedinthevapor-screenphotographs,regionsofseparationfirst
appearat higheranglesofattackonthedroopedwingsthanonthe
undroopedwingsofreference1,and,ingeneral}theseparatedregions
onthedroopedwingsareclosertothewinguppersurfacethsmthoseon
thecorresponding“flatundroopedwings.Forthedrooped-andundrooped-
leading-edgewingswithsemiapexangleof31.75°,thepositionsofthe
shockwavesaresimilar,butagaintheseparatedreg~onsonthedrooped
wingsarenotas largeasthoseonthemdroopedwings.

Thepressuredistributionsforthedroopedandundroopedwings
generallyaresimilarforthehigheranglesofattackandattheinbosrd
positions>buttheeffectsofdroopcausehigherpressuresattheoutboard
positionsonthedroopedwings.Theintegratedpressuredistributionsof
figures16to 18 showthatthedroopedwingshavelessloadingthanthe
undroopedwingsinallbutonecase,inwhichatthehigheranglesof
attackdroopedandundroopedwingloadingarenearlyequal,andthese
differencesinloadingarefairlylargeinsomecases.

Ingeneral}thedrooped-leading-edgewingsshownopsx’tic~
advantagefroma standpointofpreventingseparationandjtherefore,
ofpossiblyalleviatingadversevortexeffects,sincetheseparation
phenomenafordroopedandumdroopedwingssresimilsr.h therather
importantconsiderationofloadings,thedroopedwingshavea disadvantage
as comparedwiththeundroopedwings,theloadinginsomecasesbeing
considerablylessthanthatonthecorrespondingundroopedwing.

CONCLUDINGRIMIRKS

Vapor-screenjpressure-distribution>andink-flowtestsondelta
wingswithdroopedleadingedgesandsemiapexanglesof15°,22.’3°jand
31.75°at a Machnumberof1.9haveshownthatseparatedregionsof
vorticityexistedalongtheuppersurfacesofallthewingstested.b
general}theseparatedregionsonthewingswith10percentand20percent
ofthesemispansdroopedweresimilsrto oneanother.Integratedpressure
distributionsshowedthat,forequalsinglesofattack,theloadingsonthe
wingswith20percentofthesemispansdroopedwerelessthanthoseon
thewingswith10percentofthesemispansdrooped.

Ina generalcomparisonwithundroopeddeltawings,thedrooped-
leading-edgewingsshowednoparticularadvantagefroma standpointof
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FigureZD.- Ink-flowphotographs for wing with
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